The objective of this work was measuring the influence of co-winemaking technique on sensory profile of young red wines made from Rojal, Moravia Dulce, and Tortosí grape varieties cultivated in La Mancha region (Spain) using aroma sensory profile. Sensory aroma profile was evaluated by a panel of 15 experienced wine testers with a previous training. The sensory aroma profiles of monovarietal wines from Rojal, Tortosí, and Moravia Dulce were researched and the effect of blending these grape varieties with Cencibel grapes on sensory characteristics of wines was studied. Co-winemaking wines were elaborated by mixing of (a) Cencibel (50%) + Rojal (50%); (b) Cencibel (50%) + Tortosí (50%); and (c) Cencibel (50%) + Moravia Dulce (50%). The blending of these grape varieties increased the principal aroma attributes of monovarietal wines and, in general, co-winemaking wines exhibited a greater complexity of aroma profile.
Introduction
One of the most important attributes that influence the quality of wines is the aroma [1] and it can describe the differences between a lot of wines [2] . The aroma of wine is the result of a biological and technological sequence (grape destemming, crushing, and pressing technology) that is also influenced by the fermentation process [3, 4] . Technological factors will define the complexity of wine aroma but numerous viticulture, enological techniques significantly influence the types and concentrations of volatile compounds [5] .
According to Moskowitz, 1983 [6] , the first step in the sensory characterization of a food product is the Sensory Descriptive Analysis (SDA). SDA offers us the possibility of defining the characteristic attributes in the sensory description of the wines. The techniques of descriptive sensory analysis allow obtaining an objective description of the wine based on its attributes of aroma and perceived taste and can be both qualitative and quantitative. The aroma sensory profile of wines of many varieties has been characterized using descriptive sensory analysis, such as, Chardonnay [7] , Semillon y Sauvignon Blanc [8] , Cabernet Sauvignon [9] , Shiraz [10] , Airen [11] , Touriga Nacional [12] , Mencia [13] , Tannat [14] , Sauvignon blanc [15] , Cabernet Sauvignon [16] , Albariño [17] , Albillo [18] , Pinot noir [19] , and Cencibel, Bobal and Moravia Agria [20] .
The grape variety used in the elaboration is one of the most important factors to determine the sensory profile of wine. The neutral grape varieties can benefit from the presence of grapes during the winemaking process that have a more complex aromatic profile. When the wine is elaborated by blending different grape varieties together in the winemaking process, changes in the sensory profile of these wines in comparison with monovarietal ones are expected. Cowinemaking technique implies comaceration and cofermentation steps. The comaceration and cofermentation of several 2 Journal of Food Quality grape varieties could improve the aromatic complexity of the wine due to the presence of volatile compounds of all grape varieties used in the winemaking process. [20] [21] [22] [23] .
Co-winemaking technique can only be carried out with grape varieties that have similar ripening stages; therefore, this technique is not commonly employed [22, 23] .
A previous sensory characterization of wines obtained by co-winemaking technique has been studied by García-Carpintero et al. 2010 . In this study the authors showed that the sensory profile of the wine obtained by blending Cencibel, Bobal, and Moravia Agria (33 : 33 : 33) grape varieties, was more complex than the rest of co-winemaking wines, Cencibel-Bobal (50 : 50) and Cencibel-Moravia Agria (50 : 50), and than the monovarietal ones. The panellist identified notes from the all grape varieties used in the elaboration producing a more aromatic complexity in these wines.
The goal of this research was twofold: firstly to identify the sensory key attributes of wines from Rojal, Tortosí, and Moravia Dulce minority grape varieties from La Mancha region. A second objective was to evaluate the effect of the cowinemaking technique with Cencibel variety on the sensory profile of these wines.
Materials and Methods

Winemaking Conditions.
Grapes from Tortosí, Rojal, and Moravia Dulce grape varieties cultivated in La Mancha region middle-southeast of Spain, harvested in their optimal ripening stage and in good sanitary conditions, were used for winemaking. Wines were elaborated with the blending of grapes: 100% Rojal, 100% Moravia Dulce, 100% Tortosí, 50% Cencibel + 50% Rojal, 50% Cencibel + 50% Moravia Dulce, and 50% Cencibel + 50% Tortosí. Fermentation conditions involved after stemming and crushing, the addition of 100 mg/L of SO 2 , as K 2 S 2 O 7 [18] , inoculation with Saccharomyces cerevisiae selected yeasts (UCLM S325, FouldSpringer), and fermentation temperature was 24 ∘ C. Manual punching down was done every twelve hours. When the relative density exhibits a constant value the separation of wine from solids was performed. Then, the malolactic fermentation was prompted by inoculation with Oenococcus oeni lactic acid bacteria (Lactobacter SP1; Laffort). After this second fermentation the wines were racked. After one month, the wines were racked again, passed through 1.2 m membranes (Millipore, Bedford, MA, USA), bottled, and stored in room with a constant temperature between 16 and 18 ∘ C. All fermentation was conducted in duplicate.
Conventional Analysis of Wines.
The methods proposed by O.I.V., 2006 [24] , were used to analyse total acidity, ethanol, pH, volatile acidity, and total and free SO 2 .
Quantitative Descriptive Sensory Analysis of Wines.
Monovarietal wines and wines obtained by blending of studied grape varieties were evaluated in duplicate by a panel of 15 trained judges along eight sessions using a balanced, complete block design. Samples of wines were presented at 15 ∘ C (20 mL) in standard wine-tasting glasses [25] covered with a watch-glass to reduce the escape of volatile compounds and coded with random three-digit. The evaluations were made in individual booths under white light in a standard sensory analysis chamber [26] .
In order to define the wine sensory attributes physicalchemical standards were used (Noble et al. 1984b ; [27] ). In order to evaluate the intensity of each sensory attribute a 10 cm unstructured scale was used. The left-hand end of the scale was "attribute not perceptible" and the right-hand end was "attribute strongly perceptible."
Statistical Analysis.
ANOVA followed by the StudentNewman-Keuls test were used to discriminate among the means of chemical data. Principal component analysis (PCA) was performed on data of aroma descriptions to find the dominant aroma terms of the wines. All statistical analyses were carried out using the SPSS version 17.0 for Windows statistical package. Table 1 show the conventional parameters analysed in monovarietal and co-winemaking wines. According to the results, co-winemaking technique does not influence the general composition of studied wines for the analysed parameters because no significant differences were 
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Conventional Parameters of Wines: Effect of Co-Winemaking Technique.
Training Sessions of Panel.
The panellists evaluated commercial monovarietal wines prior to the formal sessions in order to define the sensory attributes that better describe the sensory profile of wines, and also the attributes that can define the major differences among these. In each session, the subjects received three wine samples and individually described their similarities and differences with respect to their aroma. The judges generated a total of 27 olfactory descriptors ( Table 2) . As a group, the panellists then discussed the terms generated by each individual and, with the supervision of a panel leader, they consensually defined the terms that adequately described the aroma similarities and differences between the evaluated wines. Finally, 18 attributes (Table 2) were used as the best at describing the sensory profile of the wines and the main differences between them in smell terms. Training sessions have a twofold aim: achieving a consensus on the definition of each attribute and using the scales appropriately to quantify the intensity of the attributes. In consensus, the panellists also developed a sensory descriptive ballot for the wines, associating each descriptor with a 10-cm unstructured scale, anchored at its left and right extremes by the terms "none/weak" and "strong," respectively. Physical-chemical standards were used to define aroma attributes [11, 19, 20, 28, 29] .
Quantitative Descriptive Sensory Analysis of Wines.
In Table 3 are shown the average scores given by the tasters to the intensities of each attribute of the aroma profile and the standard deviation. In order to discriminate among the means of sensory data the Student-Newman-Keuls test was applied. In terms of olfactive profile, La Mancha Cencibel wines presented notes of licorice, fresh, leather, and tobacco but it was the red fruit aroma that presented the greatest intensity [20] . The monovarietal wine made from Moravia Dulce grape variety presented raspberry, blackberry, strawberry, liquorice, and tobacco notes, with greatest intensity of pepper and sweet notes. The olfactory profile from wines obtained by the blending of Cencibel and Moravia Dulce grape varieties presented a higher intensity in the attributes related to the red fruit notes, also showed coffee aromas, contributed by Cencibel grapes, and decreased sweet notes from Moravia Dulce. Cencibel-Moravia Dulce wine showed in general a greater intensity of the main attributes of the sensory profile than monovarietal wines, which increases the complexity of the sensory profile.
The sensory aroma profile of Tortosí wines was defined by raspberry, blackberry, redcurrant, blackcurrant, clove, liquorice, leather, tobacco, coffee, lychee, floral, and cassis notes. Wines obtained by co-winemaking of Cencibel and Tortosí grape varieties presented aroma sensory notes from the two varieties used in the elaboration, like lychee, floral, cassis, and clove odour from Tortosí, also an important contribution from Cencibel was observed due to the enhancement of red fruit attributes, tobacco, and prune aromatic characters.
Strawberry, fresh, tobacco, and fresh fruit were the attributes that better define the sensory profile of Rojal monovarietal wines. The aromas of co-winemaking wines from Rojal grape variety were more complex than the monovarietal ones, because the raspberry, blackberry, redcurrant, blackcurrant, strawberry, liquorice, fresh fruit, and cassis notes appeared in a greater intensity than in monovarietal wines, and some of these attributed were not found in the, respectively, monovarietal wine but they were identified by the tasters in the co-winemaking wine.
In general the expert tasters found in co-winemaking wines notes from the varieties employed, sometimes producing a synergistic effect and enhancing the aromatic notes in the studied wines; these results are in agreement with García-Carpintero et al. 2010. Table 4 show the correlation coefficients among the attributes. According to the results, very great significant correlation ( < 0.001) was established between blackcurrant and redcurrant ( = 0.911), prune and redcurrant ( = 0.941), and fresh fruit and strawberry ( = 0.961) but in this research, these terms were used to describe related aromas and were not used redundantly [30] . The first two principal components accounted for 85.2% of the total explained variance between the samples. Table 5 shows the rotated principal component loadings for aroma terms. Loading values (i.e., correlation coefficients) > 0.700 were marked throughout in boldface type. Based on these results, tobacco, fresh fruit, strawberry, floral, prune, lychee, redcurrant, sweet, blackcurrant, raspberry, and pepper were considered the more differentiating aroma characters of sample wines.
Principal Component Analysis.
The results of the principal component analysis (PCA) on sensory aroma attributes from monovarietal wines and for co-winemaking wines are represented in Figure 1 , which showed the simultaneous projection of the 12 wines and the 18 aroma descriptors with absolute correlation coefficient values greater than 0.700. Wine samples are written in bold; the axis " " represents dimension 1 and the axis " " represents dimension 2.
The wines investigated were separated in the space defined by the two principal components. Co-winemaking wines are situated on the positive " " axis along the two principal component according to the intensity of raspberry, blackcurrant, coffee, redcurrant, prune, floral, clove, lychee, liquorice, leather, cassis, fresh fruit, and tobacco. Monovarietal wines, situated on the negative " " axis are separated from the co-winemaking wines in relation to the intensity of fresh fruit, strawberry, pepper, and sweet aromas. Dimension 1 was separated clearly between the Tortosí, Moravia Dulce, and wines obtained by blending of Cencibel and Tortosí grape varieties, situated on the positive -axis, and monovarietal Rojal wines and Cencibel-Rojal and Cencibel-Moravia Dulce co-winemaking wines.
Mean intensities of attributes more correlated with PC 1 and 2 of monovarietal and co-winemaking wines show, respectively, in Figures 2 and 3 . Each monovarietal wine had its own sensory profile; Rojal wine showed strawberry, fresh fruit, tobacco, and sweet and raspberry notes; Moravia Dulce presented similar profile to that of Rojal wine with lower intensity in strawberry and fresh fruit aromas, but Moravia Dulce wine showed a higher intensity in sweet character. The sensory profile of Tortosí wine was characterized by raspberry, blackcurrant, sweet, tobacco, and floral and lychee aromas. On the other hand in co-winemaking, wines showed an important Cencibel character modified by each of the minority grape varieties employed in the co-winemaking process.
Conclusions
Moravia Dulce monovarietal wine presented pronounced pepper and sweet notes with aromas of raspberry, blackberry, strawberry, liquorice, and tobacco. Tortosí wines were characterized by red fruit, clove, liquorice, leather, tobacco, coffee, lychee, and floral and cassis notes. Rojal monovarietal wines showed a different sensory profile with strawberry, fresh, tobacco, and fresh fruit notes. The wines obtained by the blending of each minority grape variety with Cencibel grapes presented more aroma complexity than the monovarietal wines. These wines presented sensory characteristics of the Journal of Food Quality 5 Table 4 : Correlation matrix between the aroma sensory attributes of monovarietal and co-winemaking wines. grape varieties used in the elaboration and in general, an increase in the aromatic intensity and therefore a greater complexity of the sensory aroma profile.
Additional Points
Practical Applications. Some grape varieties could benefit in the existence of other grape varieties that have an excess of volatiles compounds. In this research, the wines were elaborated by mixing different grape varieties together; this process involves comaceration and cofermentation steps. Cowinemaking technique could benefit from other compounds provided by the other grape varieties, resulting in a more complex development than in monovarietal wines. This technique can be considered a good alternative to conventional winemaking process to increase the aromatic complexity and improve the sensory quality of wines.
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